Introduction Small for gestational age (SGA) is defined as birthweight below the tenth centile at a particular gestational week. Birthweight centiles for different populations are varied. Generic reference for fetal weight and birthweight that could be adapted to local populations was recently described. The purpose of this study was to validate the reference for birthweights adapted to the local population.
Introduction
Small for gestational age (SGA) carries a higher risk of various adverse outcomes in the perinatal period [1] [2] [3] [4] [5] [6] .
SGA is generally defined as birthweight or fetal weight below the tenth percentile at a particular gestational week. There is no uniformity in this definition as the 5th or 3rd percentiles are also used sometimes to assess the severity of SGA [7] . Birthweight is often influenced by maternal ethnicity, BMI, parity and some undetermined causes [8] . Accurate determination of fetal/ birthweight percentiles for a given gestation is important as it reduces the complications of a misdiagnosed SGA fetus. It also helps in making early decisions with regard to delivery and avoiding unnecessary interventions and saves resources [8] .
Hadlock and colleagues formulated an optimum growth equation based on ultrasound measurements between 10 and 41 weeks of gestation of 392 pregnant Caucasian women [9] . They also showed that the statistical variation of fetal weight in a given gestational week was a constant fraction of the mean. Hadlock's growth equation is given below [9] .
Fetal weight (g) = exp(0·578 + 0·332 × GA -0·00354 × GA²) However, this formula was not popular as it often either under or over estimated the fetal/ birthweight in other populations. In order to overcome this limitation individualised reference charts using Hadlock formula were proposed [10] . This standardised fetal weight derived from Hadlock formula for various factors such as parity, ethnicity, sex of infant, maternal height and weight by transforming it into a so called proportionality function. Recently, a weight reference easily adjustable according to the mean birth weight at 40 weeks of gestation for any local population was made using above two methods [11] . Once the mean birthweight and standard deviation (SD) of birthweight at 40 weeks is identified, the mean and SD of fetal weight and birthweight for all gestational weeks are fixed. They validated their method for 24 countries in Africa, Latin America, and Asia that participated in the 2004-08 WHO Global Survey on Maternal and Perinatal Health (237 025 births). The aim of this study was to validate the fetal/birthweight reference derived from WHO data for birthweights adapted to Sri Lankan population.
Methods
This was a prospective validation study done between January 2012 and July 2012 in General Hospital, Ampara, Sri Lanka. Ultrasound gestational age assessment was routinely offered to all pregnant women. All pregnancies were dated by crown-rump length (CRL) at 11-14 weeks and by head circumference (HC) thereafter [12, 13] . Fetal CRL and HC were measured by trained operators using ultrasound machine GE logic 3. Robinson and Chitty formulae were used for CRL and HC respectively to calculate gestational age [14] . Only uncomplicated singleton live births were included in the study. Data on birthweight and gestation at delivery were documented in a purposely designed data entry sheet at the delivery.
Expected frequencies for birthweight centile 5th, 5th to 10th, 10th to 90th and >95th for deliveries between 40 +0 and 40 +6 of our study were calculated. Mean birthweight and the coefficient of variation at 40 weeks were considered to calculate the observed birthweights for Hadlock formula, the WHO global survey data for Sri Lanka and for India. Subsequently, observed frequencies of birthweight centiles <5th, 5th to 10th, 10th to 90th and >95th for Hadlock formula, WHO data for Sri Lanka and India were compared with expected frequencies of our study.
Chi square value for each observed centile frequency and the overall Chi square value of observed frequency for Hadlock formula, WHO data for Sri Lanka and WHO data for India were calculated. If the overall difference between observed and expected frequencies is not significant (p> 0.05) respective fetal/birthweight charts can be used reliably in the Sri Lankan population. Approval for the study was obtained from the ethics review board of General Hospital, Ampara.
Results
A total of 411 patients were recruited to our study and 207 delivered at 40 weeks (40 +0 -40   +6 ). The mean maternal age was 27.01 years, majority were nulliparous. The median gestational age at birth was 40 weeks. The mean birthweight at 40 weeks of gestation was 3140 g (Table 1 ). Expected frequencies of birthweight centiles <5th, 5th to 10th, 10th to 90th and >95th from our data and observed frequencies for Hadlock formula, WHO data for Sri Lanka and WHO data for India are given in Table 2 . It is apparent that the Hadlock's observed frequencies significantly overestimate birthweights whereas the WHO Indian data significantly underestimates birthweights in Sri Lankan population (Figures 1 and 3) .
Results of observed frequencies of birthweights for WHO global reference range adapted for Sri Lanka are very similar to expected frequencies of our data for all centiles (Figure 3) . We can effectively identify most of SGA babies including severe SGA (<5th centile) using the charts adapted from WHO global survey for Sri Lanka. Furthermore, large for gestational age (LGA) babies can also be identified. 
Discussion
Small-for-gestational age fetuses are at increased risk of pregnancy complications mainly perinatal death and handicap [15] . These risks can be substantially reduced if cases of SGA identified antenatally, compared to those detected after birth [16] . The findings of our study show that the observed distribution of birthweights fitted with the reference range derived from the global reference range adapted to Sri Lankan population based on the WHO survey. The mean birthweight of our population is similar, and the adapted reference range would identify most small fetuses including severe SGA babies correctly. It would also identify almost all the LGA babies that is birthweight >90th centile. Hence, WHO reference charts can be used effectively in Sri Lankan population.
In the case of large ethnic differences; adjustment for ethnicity improves the classification of small for gestational age substantially [11] . Moreover, addition of more parameters for individualisation provides little further improvement against the ethnicity-adjusted reference. However, findings of our study did not support this, even within the same ethnic group there is a huge difference in fetal/birthweight reference. If we adapt Indian reference, 40% of our babies would be LGA and very few would be SGA. Hadlock reference ranges did not fit our data and it significantly overestimates birthweights. According to Hadlock formula more than 50% of term babies would be SGA and none of term babies were LGA. This finding was similar to the study by Mikolajczyk et al which reported that the Hadlock charts would result in 60% of fetuses being labeled as SGA.
It has been the practice for nearly half a century to use birthweight references based on neonates born at different gestational weeks [15] . Later, it was realised that there were marked discrepancy in 10th centile for the weight of born preterm neonates and unborn fetuses and neonates at a particular gestational week indicating infants born before term are more likely to be growth restricted [16] [17] [18] . The discrepancy could be large in early gestational weeks, which could substantially under diagnose small for gestational age in preterm births or fetuses. Therefore one could argue that ultrasound-based estimated references of fetal weight are a better choice. However, ultrasound-based references were mostly adapted from data of Caucasian population and they might not be applicable to ethnic groups living in most developing countries [11] . In order to overcome this limitation, we considered mean birthweight and the co-efficient of the variance at 40 weeks as described by others [9, 10] .
The main strength of our study is that we managed to offer ultrasound gestational age assessment during the first half of the pregnancy to all the participants. Moreover, we have included fairly large numbers of participants at term.
Conclusions
We have shown that global reference curves adapted on the basis of WHO data for Sri Lanka fit our population and these charts can now be readily used to assess the severity of growth problems in Sri Lankan babies. We Papers also showed that charts based the Hadlock formula do not fit the Sri Lankan population. Furthermore, fetal/ birthweight charts cannot be generalised even among the same ethnic groups. Users should adopt only those curves where the population for which it is modified matches their own population in terms of maternal demographics.
